In a pilot study, participants were asked to watch sets of short movie excerpts featuring performances of a human actor, and 5 animated characters of varying human likeness and eeriness. After viewing, scales were used to estimate the believability of certain visual, motion and aural character traits and to gain an overall impression of how believable a character was perceived as being. Qualitative data relating to viewers assessments of character believability were also collected and analysed.
INTRODUCTION
Make-believe, as the product of pretending, has been implicated in the social, affective and cognitive development of children, and more generally, in the engagement in narratives and in fictions generated through artworks.
Adult creative thinking and problem solving may draw upon the same cognitive resources utilized in childhood play allowing adult forms of creativity to emerge [1, 2] . For the purpose of this study pretending can be defined as the exchange of one worldview with an alternative while still being aware of this substitution.
Animation is a highly creative activity allowing the telling of stories that would otherwise be impossible to create in reality. Animated movies frequently involve improbable narratives enacted by unlikely characters in their own distinct worlds, and invite the viewer to exercise their imagination and 'suspend their disbelief'. The creators of animated movies often express the desire that in order for their work to be successful it must be believable. For example, the practice of Walt Disney Animation Studios between the late 1920's and 1960's (frequently referred to as the Golden Age of American animation) was focused around the creation of characters possessing emotions, feelings and thoughts, so the audience would find them believable and care about what happened to them; the aim being to achieve what the studio termed "audience involvement". Measures the studio took to achieve this can be observed throughout the production process: An entry point had to be created through which audiences could identify the narrative situation often through a familiar character. The story then needs to develop in way that allows the character to function and develop a personality. The animator becomes responsible for the character's performance, and acting -itself a form of pretending, became an important part of this process. Disney himself would act out scenes in front of his animators in meetings, and students studying animation are encouraged to act out the actions of their characters as part of the process. Perhaps the most significant output from Walt Disney Animation Studios during this period was a set of fundamental principles that could be utilized by the animator in their pursuit of creating a believable character [6] . In this context, animators could be regarded as the de facto creators of make-believe, and Wells [3] suggests the tension between belief and disbelief is an essential part of the viewing experience of an animated movie. Consequently accounts of how animated movies are created and consumed lead to the conclusion that this is an appropriate medium to examine makebelieve.
A review of the existing literature concluded that a suitable starting point to undertake an investigation of make-believe and pretending would be to examine movies that feature hyper realistic, humanlike characters which have been described as occupying the uncanny valley [5, 7, 8] . It was speculated that such characters might occupy a boundary between believability and unbelievability thereby making them logical subjects for investigation. Mori [4] coined the term 'uncanny valley' to describe a phenomenon where near-humanlike artifacts such as a prosthetic hand or humanoid robot caused strong negative reactions in an observer ( Figure 1 ). The uncanny valley has also been extended to include observations of 'creepy' or 'strange' computer-generated humanlike characters in a succession of animated movies including: Final Fantasy: The Spirits Within, The Polar Express and Beowulf [5, 7, 8] . For example, in the case of Dr Aki Ross, the protagonist in Final Fantasy: The Spirits Within, the character's The aversion to computer generated hyper realistic characters make the movies mentioned above interesting subjects with which to study the limits of pretending, and offer the opportunity to examine questions including: How universal and to what extent are negative perceptions of 'uncanny' characters encountered when viewing animated movies? Also, do uncanny aspects of characters compromise the believability of both themselves and/or the movie they feature in? This paper reports the results from a pilot study where participants were asked to observe the performance of a selection of computer-generated characters, including those reported to be uncanny, and to record and describe their perceptions of each character in terms of uncanniness, and the believability of several visual and motion characteristics. Preliminary results are reported and an outline for future work is discussed.
THE PILOT STUDY
From the accounts of practitioners, make-believe features in many aspects associated with the creation of animated movies [6] . Walton [2] also suggests pretending to have a role in how we engage with fictions generated through representational works of art including paintings, novels, plays and live-action film. To examine make-believe in animation a potential condition where the limits of pretending might reside was identified -namely movies where animated computer-generated characters are reported as having "fallen" into the uncanny valley. What this pilot study reports is firstly to confirm if the participants perceive these characters as uncanny, and then examines if this aversion is sufficient to compromise the believability of a character. In addition, some of the factors which participants considered important in determining believability of these characters are revealed.
Characters Chosen
The characters used in the study are shown in Figure 2 . Three of the characters are hyper realistic and humanlike that have previously been reported as falling into the uncanny valley [5, 7, 8] . They are all CGI (computer-generated images) characters designed to be as human as possible and found in films released between 2001 and 2007. The earliest film was Final Fantasy: The Spirits Within [10] , which had a science fiction theme and was inspired from the related video game. The character taken from this was Dr Aki Ross, the female protagonist. The film claims to have the first cast of all computer-generated human characters [7] , and involved the use of some of the most advanced computer processing available at that time. Character movements were filmed using motion capture, though many of the scenes were animated manually as were all facial and hand movements. The other two characters: The Conductor from The Polar Express [11] and Beowulf [12] The character of Bob Arctor from A Scanner Darkly [14] was chosen on the basis that the film features humanlike characters created using a different method -computer rotoscoping. In this case a normal live-action film is produced which after final editing is given to the animators who create the animation by drawing frame-by-frame from the film assisted by computer.
The final two characters were chosen to represent opposite ends of the human likeness and the eeriness scales, namely a human acted performance from Tom Hanks as Forrest Gump [15] , and the less humanlike, eerie CGI character Gollum from The Lord of the Rings: The Two Towers [13] .
Participants
For this pilot study, a survey was conducted with 42 students from the BSc(Hons) Creative Computing, Digital Media and Interactive Media Design programmes of a UK university. All students gave their informed consent to participate in the study and no rewards or payments were made. The average age was around 23.5 years and the male to female ratio was 2.2:1. To gain an idea of their familiarity with characters similar to those used in this study and relevant techniques used in their creation, participants were asked to rate their level of experience in playing video games and in the use of both 3D modeling and digital compositing software by choosing from the options "None", "Basic" or "Advanced".
Procedure
The participants were given a set of edited movie excerpts (ca. 5 minutes of total running time) featuring a named character to view. There were six characters ( Figure 2 ): Three were hyper realistic humanlike main characters: Aki Ross from Final Fantasy: The Spirits Within [10] , The Conductor from The Polar Express [11] , and Beowulf from the movie of that name [12] . The additional three characters were: Gollum from The Lord of the Rings: The Two Towers [13] ; Bob Arctor, the male protagonist from A Scanner Darkly [14] ; and finally, a performance by a human actor in the form of Tom Hanks as Forrest Gump [15] . The survey was conducted over 3 weeks using the university's online learning environment [17] , with two characters, selected at random and presented each week.
The movie excerpts were chosen with the emphasis on providing the viewer with an overview of the communicative potential of each character. Between 3 to 5 excerpts were selected to illustrate aspects of the character's behaviour, personality, emotional expressiveness, social interaction, quality of movement, and visual impact. This was achieved by choosing situations corresponding to emotional or action beats of the story, and showing the character delivering dialogue, interacting, and performing motivated actions variously through voice, facial expressions, gestures and body movement. Care was taken to choose examples where the character's performance was clearly visualized without any unnecessary ambiguity; for example close-up shots were included to show facial features and movements.
After observing a character, participants were requested to complete a survey. In addition to demographic data described previously, participants were asked how humanlike they perceived the character to be and also its perceived eeriness using 9-point scales created by Tinwell and Grimshaw [16] . 9-point scales were also developed to capture participant perceptions of how believable or unbelievable the voice, and the visual appearance and movement of the face and body were, together with an overall impression of how believable the character was. Participants were also asked to indicate any emotions they felt resulting from the character's performance, and finally to make any comments on what influenced their judgement of the character being believable or unbelievable. Written comments were transcribed and analysed thematically with the assistance of computer software (NVivo 10, QSR International). Categories for coding the data were allowed to emerge from the transcribed data that was subject to continual review and revision. When a stable coding framework was established its inter-rater reliability was tested, and a value of 0.74 for Cohen's kappa coefficient was obtained indicating a substantial level of agreement between the author and a colleague unfamiliar with the study [18] .
RESULTS AND DISCUSSION

Perception of Characters
9-point scales were used to determine the perception of human likeness, eeriness and the believability of various character traits for 5 computer-generated characters and a human actor (Table 1) . For these categorical data the median value was used as a measure of central tendency and the interquartile range chosen to give an indication of the spread of values. Modal values were also calculated, and in the majority of cases where the same as the medians. Where a median and mode differed the difference was a single scale unit. The human character performance (Forrest Gump) was chosen as a potential control and was perceived as the most humanlike. Also, the visual, motion and aural traits reported for this character received the maximum believability score. The Gollum character was perceived as the most eerie and least humanlike of the characters shown, and taken together these observations help to provide a calibration and validation of the scales used. Participants regarded all the characters shown to be believable to some extent both in terms of their overall impression of the character and in their evaluation of individual visual, motion and aural traits. The character created by computer rotoscoping (Bob Arctor from A Scanner Darkly) was rated as the least believable in terms of its visual appearance, and the overall impression created. Movement is created in this process through frame-by- 
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1 determined using a 9-point scale: 1 = non-humanlike, 9 = humanlike. 2 determined using a 9-point scale: 1 = very familiar (not eerie), 9 = very strange (eerie). 3 determined using a 9-point scale: 1 = unbelievable, 9 = believable. while a deliberate visual style was created which determined the representation of line, shape, colour, shading and light on the character to create a distinctive aesthetic.
When participants where asked to identify factors they thought contributed to the rotoscoped character's believability, it became clear that facial features, and to a lesser extent facial movement, were important. Illustrative comments included: "Looked as though his skin was constantly moving on his face" (P13), "The effect used made the character's face and skin move a lot which made me feel uneasy" (P12) and "the way his beard kept moving and changing shape was a little off-putting" (P16). These comments are also consistent with the character being perceived as uncanny, and of the humanlike characters presented this one was perceived as the most eerie. Whitfield [22] described a comparative functional magnetic resonance imaging (fMRI) study by Mar and colleagues which revealed that in comparison to liveaction, corresponding rotoscoped footage altered the pattern of brain activity in regions associated with detecting intentions (the superior temporal sulcus and the temporal parietal junction), which had lower levels of activity; and for regions which respond to reward stimuli (bilateral orbitofrontal cortex) where higher activity levels were found. Neuroscience clearly offers an interesting perspective from which to study our perceptions of characters in relation to their believability.
Three survey characters: Aki Ross, Beowulf and The Conductor were grouped together on the basis of them being hyper realistic, humanlike and having been perceived as uncanny previously [5, 7, 8] . These were all created using CGI (computer generated imagery) techniques, and in the case of the latter two, performance capture for body and facial movement was used. One aim of this study was to examine how prevalent the perceptions of character uncanniness are in other audiences, as reports of uncanniness in the literature are largely confined to those published by media theorists or individuals having a direct connection to the film industry. The results shown in Table 1 indicate that these 3 characters were not perceived as being particularly eerie. One of the characters -The Conductor from A Polar Express was regarded as being no less eerie than the human character Forrest Gump, and it is interesting to note that both characters are played/modelled on the same actor. The scale employed to determine uncanniness was created by Tinwell and Grimshaw [16] , who used it in a study attempting to replicate the relationship between familiarity and human likeness shown in Figure 1 . A different character set was used making comparisons with the current work difficult. The character most closely resembling the 3 humanlike ones used here appears to be Lara Croft from Lara Croft Tomb Raider: The Action Adventure [23] , though as she is designed for a game her fidelity is likely to be less. Bearing this in mind, participants in the Tinwell and Grimshaw study ranked this character as 7 on both familiarity and human-likeness scales. The 3 hyper realistic characters used here were ranked similarly in terms of human likeness with values of 7 or 8. In terms of uncanniness, the familiarity scale ranked very strange as 1 and very familiar as 9, the reverse of the eeriness scale used here. When this reversal is allowed for it appears that the ratings of the three characters used here and Lara Croft used in [16] were similar. The participants in Tinwell and Grimshaw's study [16] and this one appear similar, being predominantly students on courses commonly featuring the learning of CGI skills and the creation of digital assets suitable for use in movies and computer games. Demographic data collected from the participants in this study indicate that 91% rated themselves as having basic or advanced experience of playing video games, with 77% and 95% reporting either a basic or advanced level of proficiency in use of 3D modeling software and digital compositing software respectively. Clearly, this sample reflects individuals who through their engagement in playing video games have a familiarity and show a willingness to engage with characters similar to those used in this study. Moreover, at least three quarters of them have basic or advanced knowledge in relation to how such characters are created and processes associated with their visualisation. Consequently, at the present state of understanding both believability and uncanniness of characters it isn't appropriate to generalise the findings from this study to all audiences, and it is essential that further studies are carried out with a wider range of participants in order to determine the robustness of findings from this and other related studies.
In all three hyper realistic humanlike characters both face and body movement were perceived as being less believable than visual appearance ( Table 1) . Some of the comments relating to what contributed to the lack of believability of these characters reflected earlier observations as to why they were regarded as uncanny [5, 7, 8] . For Aki Ross, facial features were described variously as "somewhat boring" (P29), "unnatural" (P39), "artificial" (P4), and "…very static and lacked emotion" (P1 Grimshaw has proposed that audio should be incorporated into the uncanny valley theory [19] . In relation to believability, participants generally rated voicing to be very believable for all characters examined with median values of this trait being either 8 or 9 ( For the latter character, voice was found to be the most variable character trait perceived in relation to believability, with all its remaining visual and motion attributes perceived with much lower variability.
When examining the perception of all the individual character traits collectively, the two characters perceived most consistently were the most human actor (Forrest Gump, median= 9) and the least humanlike and most eerie character (Gollum, median= 8).
The lower levels of believability in the perception of face and body movement together with a greater lack of consistency in perception of visual, motion and aural parameters observed in hyper realistic humanlike characters in this study offer an interesting perspective on current theories relating to the uncanny valley. A "cognitive dissonance" theory [26] has been proposed to explain the uncanny valley phenomenon whereby hyper realistic humanlike characters invite audiences to regard them as real humans; but upon closer examination flaws in their realism are revealed (often through appearance or movement). This leads to a state of simultaneous belief and disbelief thereby creating a dissonance and disturbing the suspension of disbelief [8] . Interquartile range values indicated that greatest variability in the participants' perception of eeriness (the metric used for uncanniness) was found in the "uncanny" hyper realistic humanlike characters (Table 1 ). In a recent paper, Moore describes a Bayesian model of categorical perception which provides a quantitative description of the uncanny valley phenomenon. The model is based around perceptual tension resulting from conflicting perceptual cues at category boundaries. A component of the model includes a weighting factor that indicates the sensitivity of the observer to such cues [27] . The substantial variability in ratings of eeriness reported here could be viewed as informing this weighting factor, which contributes to determining the depth of the dip of the curve such as that shown in Figure 1 . This is important as it changes the way in which the uncanny valley is viewed. Rather than thinking of a single relationship and mapping assessments of the uncanny onto a single curve, we now need to consider that multiple uncanny valley curves exist that correspond to the different sensitivities of individual observers or observer groups. Results from this study indicate perceptual differences may operate at a categorical level e.g. facial appearance, body appearance, facial movement, body movement; are highly variable and often contradictory (Table 1) .
Emotional Engagement
It is clear that under certain circumstances movies can have an emotional impact on an audience. It is this emotional power that gives the movie its appeal and value as an art form [20] . The kinds of emotional impact vary considerably from responses of primary emotions such as fear, anger, surprise, disgust, happiness and sadness; to more social emotions like pride, shame and indignation. Such responses are considered important to the survival and well-being of the organism [21] . In this study, it is argued that in order to be believable an animated character needs to be able to communicate effectively with an audience, and one possible way of achieving this would be in producing an emotional response. In order to examine this, after watching the excerpts of a particular character, participants were asked to record if they experienced any of the 6 primary emotions [21] and to provide details of any other emotion they had experienced. It should be noted that the aim of this part of the study was not to establish which emotions the participants could identify from viewing the character, but rather for them to indicate if they had experienced any emotion or feelings as a result of the character's performance, which implies a deeper level of interaction. Evidence for this occurring was found in some of the qualitative responses collected in the survey, examples of which are presented in this section.
The results of the number and nature of emotions experienced by participants after viewing excerpts of the 6 characters are shown in Table 2 . For all characters, excerpts were chosen to include emotional beats. However, due to the distinct nature of each movie, and the sampling of varied narratives it would be inappropriate to use these data to make comparisons between characters. Rather, the purpose here is to examine each character individually and to see if it was possible for emotional engagement to be established, and the nature of any emotional response. The results obtained are considered together with examples of qualitative data that referenced emotion in relation to the judgment of character believability.
Overall, participants reported experiencing most of the primary emotions of happiness, surprise, anger, fear, disgust and sadness [21] ; but the number perceiving a particular emotion from a given character varied considerably. Due to the nature of the excerpts chosen and the movie's narrative it would not be expected to observe every emotion for every character. If the most commonly perceived primary emotion by participants can be regarded as a rough indicator of the success of the character in communicating to the audience it is clear that the human actor was most successful with 21 out of 26 (81%) participants experiencing happiness. The least engaging character from this perspective was Aki Ross where 12 out of 29 participants (41%) experienced fear ( Table 2) .
Lower levels of emotional engagement were also recorded for Beowulf and the 2D computer rotoscoped character Bob Arctor. However, the remaining computer animated characters achieved emotional engagement only slightly lower than the human actor. For example, 20 out of 26 participants (77%) reported experiencing happiness after viewing excerpts of The Conductor. It is interesting to note that the actor used as the basis of this character was the same as for the human performance of Forrest Gump, which will be examined later. Overall, it is possible to make the claim that all characters shown were capable of eliciting an emotional experience in many of the participants, and some primary emotions were experienced more commonly than others when an individual character performance was observed. Though it should be noted that individual differences are likely in relation to the capacity to detect and process any emotionally competent stimulus [21] .
In addition to primary emotions, some of the participants indicated experiencing more nuanced social emotions including empathy, sympathy, curiosity, pity and amusement ( Potentially, the most significant observation from Table 2 relates to two participants reporting boredom after viewing clips from two of the hyper realistic humanlike characters. A discussion of boredom is beyond the scope of this study, but if it can be accepted that this is a transient emotional state associated with a lack of interest and loss of engagement and attention (e.g. [24] ). It can be speculated that the two participants reporting boredom may have been at or beyond the point of withdrawing from the makebelieve of viewing an animated character in a movie. Such a situation would merit further investigation though it remains problematic that this state is transient [24] and was reported relatively rarely in this study -once from 29 responses in one case and once from 22 responses in the other (Table 2 ).
Previous studies have examined the importance of facial features in relation to animacy, uncanniness, and the identification of emotions using isolated 3D-modelled heads [28, 29] or 2D morphing techniques [30] . Observers were able to identify surprise, happiness, sadness, and disgust above chance in expressions created in an androgynous 3D head. The identification of anger was less clear-cut and fear was problematic, being coidentified with surprise [29] . In another study involving isolated heads morphed to create a continuum between a mannequin and a real person, a tipping point was identified where life and mind were perceived to appear at region close to the human endpoint [30] . Such studies enable the control of variables relating to the appearance of the face and in the former example, facial movement. A necessary limitation of such studies is the lack of any context in presenting the face that may influence the perception of character believability.
The Importance of Context
Although some responses describing participants' judgement of believability focused very directly on aspects of the characters features and movements, it was also common for responses to be contextualised in some way. Context could be regarded as operating from two perspectives: Contextual factors which operated and influenced the judgement of character believability from within the movie (intra-movie context) and factors used to contextualise the judgement of a character originating from outside the movie (extra-movie context).
Most of the student participants in this study reported either having basic or advanced experience of playing video games (91%), which seemed to provide a natural context to situate their responses. The comment -"Due to the large amount of videogames I play I found the scene to be very believable" (P22), was made about the Bob Arctor character from A Scanner Darkly [14] . For the same movie, video games were used as a "standard" with which to judge the character created by computer rotoscoping -"I really did not like the style the film was created in...It felt like a videogame, but not a good one" (P26).
77% of participants were also reported as having an average or basic level of experience using 3D modeling software and 95% having similar levels of experience using digital compositing applications used in many of the taught modules they study. 
CONCLUSION
Consideration of the limits of make-believe and pretense has predominantly been focused upon childhood with a few exceptions such as Walton, who introduced the idea that pretending is also important in adults when they engage with narratives and fictions from artworks [2] . The current work has taken the form of a small pilot study, involving a limited number of participants viewing relatively short clips of movies. However, recognising these limitations, it is clear that meaningful results have been obtained in relation to identifying important dimensions used by viewers when assessing the believability of animated characters, and thereby contributing to the understanding of what makes an animated character believable. The kinds of characters examined in this story are also found in other forms of digital media as embodied virtual agents/avatars, and non-player characters in videogames. In comparison to the relatively passive task of watching an animated movie, these interactive activities operate at a different level of cognition, and work is currently underway to investigate perceptions of believability of non-player characters experienced during game play.
The results obtained confirm the uncanny nature of computergenerated, hyper realistic, humanlike characters reported previously and also support the idea that in some cases particular visual-and motion-related character traits are the main factors contributing to this uncanniness; face and body motion being the most salient [5, 7, 8] . A novel finding from this work is that a humanlike character created by a 2D computer rotoscoping process is perceived as even more eerie, and in this case both scale and qualitative data suggest it is appearance rather than motion which is responsible. As expected, the human actor was least and the Gollum character the most eerie suggesting that the intent of selecting characters to represent the full range of conditions between strangeness to familiarity was successful.
In relation to believability, it was clear that traits identifying a character as uncanny tended also to make them less believable. However, scale data indicated that the overall impression of characters revealed them all to be believable to some extent. In fact, taking into account the associated variability for scale values it can be concluded that some of the CGI characters (e.g. Aki Ross and Gollum) were regarded as being just as believable as the human actor. Variability was estimated from the interquartile range and examining this has revealed substantially more variation in the assessment of the believability of face and body movement in the human like CGI characters (Aki Ross, The Conductor, Beowulf) in comparison to the human actor and least humanlike/most eerie CGI character (Gollum). A similar high variability was found in relation to the believability of the appearance of the face and body (but not the motion) of the rotoscoped character. These properties help to define the different aesthetics of these two types of animated movie. The results obtained from this study are in the process of being analysed further to examine the extent to which perceptions of individual character traits serve as predictors of the believability of the character as a whole, offering the possibility of identifying the most salient dimensions associated with the believability of a particular character.
The measurement of believability is not without its issues. Gomes et al [31] point out the abstract nature of the concept of believability and address the issue of asking the audience an ambiguous question by defining a set of metrics of a more objective nature: behaviour coherence, change with experience, awareness, behaviour understandability, personality, visual impact, predictability, social and emotional expressiveness. These dimensions can be assessed through Likert scales. In this study believability was assessed by a combination of semantic differential scales, a selection table to indicate any emotions experienced by participants, and a final open question. The eeriness scale has been used successfully in a previous study [16] , and limited evidence from the present work indicates a degree of consistency. The believability scales are being tested for the first time in this pilot study and could be criticised for the ambiguous way of inquiring about the believable nature of an animated character. However, the presence of the final open question requesting participants to comment on the factors that influenced their judgement of the character as being believable or otherwise helped not only to resolve any ambiguity, but also provided a novel insight into how character believability is construed by an observer.
Qualitative data collected from this study have also revealed the importance of context when considering the believability of an animated character. Context can be viewed from different perspectives. Firstly, results indicate that the believability of the animated character can be influenced by its surroundings, illustrating the need to holistically appreciate the character in the context of the movie it is a part of. For this work, the emphasis was on observing the performance of the animated character as evidenced through a short compilation of movie excerpts. Consequently, an aim of future work is to examine the relationship between the believability of the character and its animated movie. One approach being to examine comments taken from the Internet Movie Database (IMDb) [25] of the movies used here.
Context was also found to operate outside the movie, where responses regarding character believability were often situated in relation to previous experience of the character from another medium e.g. a book, or videogame. Also, for these participants, technical knowledge of the processes used to create the characters, and familiarity of the human actor the animated character was based upon provided relevant contexts in which to consider character believability.
The observation from scale data that all of the characters used in this study, including those perceived as falling into the uncanny, were regarded as being more believable than unbelievable raises the question of whether a condition can be found close to the boundary between believable and unbelievable. However, when considering individual emotional responses to animated characters two participants indicated experiencing boredom, which may be taken as an indication of disengaging with the animated character and consequently abandoning make-believe. This would indicate that if the limits of pretending are to be examined the experiences of individuals are important, indicating that a phenomenological approach to this question may be useful. Overall, the observations illustrate the strong tendency we have to make-believe as opposed to having to suspend ones disbelief in the process of engaging with an animated work -an interesting question for further consideration.
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